The ancient Greeks were known to use the odour of volatile organic compounds emitted 99 from breath and body fluids as an aid to diagnosis [1], but it wasn't until Linus Pauling and 100 co-workers [2] condensed human breath and analysed its constituents using gas 101 chromatography that modern breath analysis began. Linus Pauling was also involved in the 102 early analysis of volatile organic compounds (VOCs) from urine in the 1970s [3, 4] . It was still 103 another decade or two before it really took off, but since the mid 1990s, there has been a 104 very rapid development of analytical instrumentation to enable breath analysis to expand 105 [5] [6] [7] [8] . In actual fact, VOCs and other trace gases such as ammonia and hydrogen cyanide 106 (which for the purposes of this article are included when VOCs are mentioned) are emitted 107 from all body fluids and tissues, for example breath, urine, faeces, skin, sputum, blood, 108 serum, pus, aspirates, tissue, lavage etc. Selecting the appropriate medium for analysis is 109 important and the choice depends on a number of factors. These include the particular 110 disease or condition, ease of sampling, whether samples can be analysed directly or must be 111 stored, the requirement for measuring individual compounds or a whole range, to name but 112 a few. It is also likely that analysis of more than one sample type yields better results than 113 just looking at breath, for example [9] 114 115 The origin of VOCs 116 A whole range of trace gases and volatile organic compounds are emitted by the body 117 continuously, through exhalation, through skin or from urine or faeces. There are several 118 potential origins of these compounds. Firstly, many VOCs arise from normal metabolism. 119 The body contains thousands of different molecules arising from all the biochemical 120 pathways, and many of these compounds are either gases (for example ammonia) or are 121 volatile enough for form a vapour at body temperature. These compounds travel around 122 the body in blood, and where blood meets the alveoli in the lungs, rapid gas exchange and 123 diffusion means that gases and VOCs are exhaled. Similarly, when capillaries are in contact 124 with skin, gas exchange occurs. VOCs are also excreted as part of the chemical composition 125 of urine or faeces. Thus is can be seen that through normal metabolism, the healthy body 126 produces a whole range of different compounds at different concentrations [10] . 127 When illness occurs, metabolism can alter the profile of trace gases and VOCs [11, 12] . For 128 example, untreated diabetes leads to a build-up of blood glucose which cannot enter the 129 cells where it is needed. In response, the body starts to metabolise fat, which then leads to 130 an increase in ketone bodies in blood [13] . Some of these are very volatile, and may be 131 detected on breath, in blood or urine. So 160 Finally, VOCs arise in the environment. They are produced by plants, food, man-made 161 products or processes (diesel exhausts for example) and if inhaled or ingested, they will then 162 circulate in the blood [42] . In the case of environmental origin of VOCs on breath, there is 163 no simple way of dealing with this so that the background air can be excluded in analysis. 164 This is discussed in more detail later. 165 A major review of all the volatile compounds emanating from the body has recently been 166 produced, and this covers all sources of VOCs described above [43] . other compounds present should also be known as they will affect binding. However, SPME 216 may be used to trap very low concentration compounds. Generally the use of TD tubes is 217 more robust, and once samples are collected, the TD tubes may be capped and stored for 218 weeks prior to analysis. TD tubes are also more sensitive [62] and again, accurate 219 quantification is difficult, although slightly easier than with SPME. Great care must be taken 220 in choosing the sorbent, and in many cases, dual or even triple bed sorbents are used in the 221 same tube to capture the range of compounds. Some sorbents are better at lower 222 molecular weight compounds, some higher molecular weight, and others may be better for 223 aromatic or sulphide compounds, for example. From this it follows that to make best use of air that may affect the breath prior to a breath sample being given. 366 Rather than finding a way of dealing with the background directly, an alternative may be the 367 use of appropriate controls. At the same time that a sample is taken from a patient or 368 subject, a sample should be taken from a control person who has been subjected to similar 369 backgrounds, and is as closely as possible be matched to the subject. This could be the 370 partner of the individual, for example. Other studies have used medical personnel for this 371 purpose, but that is less satisfactory as medical facilities typically have high background 372 levels of VOCs, and thus medical personnel may have been subjected to these backgrounds 373 to a greater extent than subjects. It is clear that this is a difficult problem, and backgrounds 374 should always be carefully taken into account when a breath analysis study is conducted. 375 This is also likely to have an impact on blood and urine VOCs as the origin of exogenous 376 VOCs from the headspace of these fluids may also be inhaled air. preparing the sample for subsequent analysis should also be standardised. 454 Standardisation of sample treatment, storage and use of calibration standards will enable a 455 comparison between studies which should enable this field to be driven further. One of the 456 main issues in the field of VOC analysis for disease diagnosis is that studies do not always 457 give the same results; the lack of standardised protocols means that these different studies 458 are essentially measuring different things. complex profiles may be fully statistically validated, they are often hard to explain, and thus 477 effort and care needs to be taken in communicating their use. In addition, in order for a 478 method to replace an existing screening or diagnostic method, it needs to be at least as 479 good as the method it is replacing in every respect, and superior in at least one respect. 480 Most studies published do not address this but it is essential for progression of this field. 481 However, with the vast increase in published studies showing the use of VOC profiling, 482 surely this is only a matter of time.
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